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2. We fix each bee in a metal tube with thin strips of tape so that only the two forelegs and head are free to move. For the two trained groups, one of their antennae is covered with a two-component silicone rubber compound to ensure that the bees are trained by a single antenna. When we cover the antennae, we place the head of the bee on a sponge. After we mix the two silicone rubber compounds, we dip a toothpick in the mixture, and then carefully cover the antennae of the bee with the mixture. In contrast, the antennae of control group bees are left free ( Figure 1A ). Next, all of the bees are briefly fed with one or two drops of 1 M sucrose solution (see Recipes) and then moved back to an incubator to recover.
Note: The bees are still fixed in the metal tubes while they are inside the incubator.
www.bio-protocol.org/e2624 3. Two hours later, we train the bees with a positive stimulus and a negative stimulus. The bees do not need to be anesthetized at this time because they are fixed in the tube. In this experiment, lemon odor + 1 M sucrose solution is used as the positive stimulus + reward，and vanilla odor + saturated saline solution (see Recipes) is used as the negative stimulus + punishment. We mix the odor with the reward or punishment. More specifically, we add 30 µl lemon odor to 4 ml 1 M sucrose solution and 30 μl vanilla essence to 4 ml saturated saline (27.74%, w/w). The bees are trained to discriminate between these two different odors. During training, the bees are first given a stimulus, then the appropriate reward or punishment. We place a small suction fan connected with a plastic pipe behind the bees to maintain a constant flow of odor during the stimulus (Figure 2 ). The fan also allows us to quickly remove any residual trace of odor before beginning the training of the next bee.
( Figure 1B ). a. On the first trial, the bee is given a positive conditioned stimulus. A droplet is placed about 1-2 cm from the bee's antennae using a 2.5 ml syringe with needle. The bee is removed after it has extended its proboscis and tasted the solution. If the bee does not extend its proboscis in 5 sec, we briefly touch the antennae with the stimulus drop to prompt it to give a response to the odor.
b. Then, the bee is given the negative stimulus with the same procedure above.
c. If a bee never extended its proboscis or was inactive, it was discarded after the first trial.
d. After training, the bees are fed 2-3 drops of 1 M sucrose solution and returned to the incubator for overnight storage.
5. In the morning on the next day, retention tests are performed. For the LAC and RAC group, the silicone rubber is not removed until the retention tests are finished. For the retention tests, the bees are first given the negative stimulus, and then the positive stimulus. As in the training, the stimulus droplet is placed 1-2 cm from the bee's antennae and we wait 5 sec. If the bee extends its proboscis (within 5 sec) when it is given the positive stimulus, but not when given the negative stimulus, it is recorded as correct. If not it is recorded as wrong. Each bee is tested in three trials
with an interval of 6 min. To pass the test: bees must respond correctly to the positive stimulus in at least two of the three trials and must not respond to the negative stimulus in all the three trials. After the tests are complete, the heads of the trained bees (bees that passed the test) and those of the untrained bees (control group) are cut with scissors and stored in 1.5 ml RNasefree tubes in liquid nitrogen. See Figure 3 for the whole procedure.
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Data analysis
The data of our experiment has been published in Scientific Reports (Guo et al., 2016) . The training results are shown in Table 1 . 
